Aims: This study is to isolate and characterize endophytic bacteria for potential industrial enzymes and antimicrobial activities against some human pathogens. Methodology and results: Mentha spicata, a local medicinal plant, was used to source for endophytes. The roots, stems and leaves of M. spicata were surface-sterilized to isolate the endophytic bacteria. The endophytic bacteria were subsequently characterized based on their 16S rRNA sequences. The endophytic bacteria were screened for both antimicrobial and enzymatic activities. We identified 15 isolates of 4 genus-Pseudomonas (7 species), Bacillus (3 species), Enterobacter (1 species) and Comamonas (1 species) with 97-100% similarity level. Isolates MSS-3 (Pseudomonas putida), MSR-4 (Pseudomonas pictorum), MSS-2 (Bacillus thuringiensis) and MSR-5 (Pseudomonas straminea) showed prominent antimicrobial activities against the pathogens tested with zones of inhibition between 6.3 to 15.3 ± 0.6 mm. All species examined have positive cellulase activities except Comamonas guangdongensis and only isolates of the Bacillus genus, Pseudomonas pictorum and P. argentinensis exhibited amylase activities. Conclusion, significance and impact of study: Our findings revealed potential therapeutic uses of the bioactive compounds of these bacteria endophytes against pathogens. Their enzymatic potential can also be of use in various industries.
INTRODUCTION
Bacterial endophytes are found in the interstitial space of the host plant tissues, without harming the plants (Sturz et al., 1999; Kobayashi and Palumbo, 2000) . The presence of the various Gram negative and Gram positive endophytic bacteria in numerous plants species is believed to be influenced by activities such as plant rotation, soil condition, and phytopathogen populations (Hallmann et al., 1997a; Kobayashi and Palumbo, 2000; Graner et al., 2003) . Recent studies have focused on their roles within host plants in relation to plant growth (Chi et al., 2005) , defense or stress responses (Cho et al., 2002) and as biological control agents (Dujiff et al., 1997; Nielsen et al., 2002) . They have been found to possess novel metabolites exhibiting a variety of biological activities against different pathogens (Strobel et al., 2001) . Many have antifungal activities against fungal pathogens such as Fusarium oxysporum and Rhizoctonia solani on cotton and potato (Strobel et al., 2001; Cho et al., 2002) . Hence, they might act as potential biocontrol agents against vascular microbial pathogens (Chen et al., 1995; Nielsen et al., 2002) . Some endophytes have also been found to express hydrolytic enzymes such as cellulases and pectinases (Verma et al., 2001) . It has been hypothesized that endophytic bacteria enter into roots' interior of plants by hydrolyzing the cellulose cell wall, through water flow, and wound or at lateral root branching (Al-Mallah et al., 1987) .
Mentha spicata (spear-mint) is a plant of great importance to Asian communities, used as herbal medicine for the treatment of various kinds of illness (e.g. gastrointestinal disorders), and as flavoring in the food industry (Alex, 2007) . Its essential oil has antifungal and excellent antioxidant properties (Kanatt et al., 2007) . The leaves have a strong spearmint flavor and are hence used as flavoring in salads or cooked foods. It has a very pleasant and refreshing taste of spearmint, leaving the mouth and digestive system feeling clean (Adam et al., 1998) . Thus it can be hypothesized that endophytes from medicinal plants may harbour beneficial bioactive compounds due to their close relationship and coevolution with the host plant.
Therefore, in our study, we source for endophytic bacteria with potentials to produce antimicrobial and hydrolytic enzymes, with potential uses in rapidly growing industries such as medical, biofuel, starch and paper.
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MATERIALS AND METHODS
Isolation of endophytic bacteria
The herbal plants M. spicata were collected from Sungai Buloh, Selangor. The leaves, stem and roots were washed under running tap water and left for 10-15 min to drain. The tissues were cut into 2-3 cm pieces and rinsed in sterile distilled water with few drops of Tween-20. Surface sterilization was performed according to the methods described by Azevedo et al. (2000) , with slight modifications to the duration for sterilization and ethanol concentration. Briefly, tissues were immersed in 75% ethanol (3 min), followed by sodium hypochlorite (3%) solution (2 min), and in 75% ethanol (3 min). The disinfected leaves, stems and roots were rinsed three times in sterile distilled water and drained. The stem and root tissues were cut longitudinally and placed on Nutrient Agar. The leaves, after surface sterilization, were homogenized with sterile 12.5 mM potassium phosphate buffer (pH 7.1) using sterile test-tube and glass rod. The homogenate (1 mL) was serially diluted up to 10ˉ4 dilution using sterile 12.5 mM potassium phosphate buffer (pH 7.1) and then spread on nutrient agar plates. The inoculated plates were incubated for 36-48 h at 30±2 °C. The bacterial colonies were sub-cultured in sterile Nutrient Agar two to three times to establish pure cultures. In addition, the uncut surface-disinfected tissues, and the last rinsing water were also inoculated onto separate nutrient agar plates. This is to validate the effectiveness of the surface sterilization procedure (control) as bacterial growth in the control agar plates within 24 to 48 h of incubation (30±2 °C) indicates ineffective surfacesterilization.
Molecular characterization
The isolated endophytic bacteria were cultured in 5 mL of Nutrient broth for 15 to 18 h. Then, 2-3 mL of the culture suspension was centrifuged for 3 min at 6,000 rpm. The pellet was subjected to DNA extraction using GF-1 bacterial DNA extraction kit by Vivantis. The 16S rRNA gene was amplified using the forward primer [8F:5'-AGAGTTTGATCCTGGCTCAG-3'] and reverse primer [1492R: 5'-GGTTACCTTGTTACGACTT-3'] (Turner et al., 1999) . The PCR conditions consist of initial temperature of 94 °C for 3 min, 30 amplification cycles of 94 °C for 30 sec (denaturation), 51 °C for 30 sec (annealing), and 72 °C for 50 sec (extension), and final extension of one cycle at 72°C for 5 min. The amplified PCR products were purified using NucleoSpin Gel and PCR Clean-up kit by Macherey-Nagel. The sequencing was performed by First-BASE Laboratories Pte. Ltd. with the forward and reverse DNA sequences edited using Bio-edit software to obtain the contigs. The isolates were identified based on hits analysis from megablast (highly similar sequences) output of the BLASTN program (http://ncbi.nlm.nih.gov).
Sequences of the 16S rRNA gene were aligned using the multiple sequence alignment program (MUSCLE) (Tamura et al., 2011) and the phylogenetic analysis performed using Maximum Likelihood methods (MEGA6) (Tamura et al., 2011) with Bootstrap analysis performed using data resampled 1,000 times. The DNA sequences were deposited at NCBI and accession numbers obtained.
Determination of antimicrobial activity
The antimicrobial activities of bacterial endophytes were tested against bacteria and yeast pathogenic strains, which include-Pseudomonas aeruginosa (ATCC 10145), Staphylococcus aureus (ATCC 33591), Bacillus cereus (ATCC 14579), Salmonella typhi (ATCC 14028), Proteus vulgaris (clinical isolate), Klebsiella pneumonia (clinical isolate), Escherichia coli (ATCC 25922), Streptococcus pyogenes (clinical isolate) and Candida albicans (clinical isolate) using the Kirby-Bauer disc diffusion method (Bauer et al., 1966) . The bacteria pathogens were precultured overnight in Mueller Hilton broth at 35 ± 2 °C, 5 mL of the suspension culture were centrifuged at 6,000 × g for 5 min. The pellets were suspended in sterile distilled water and density adjusted to 0.5 McFarland standard. The suspension was seeded onto Mueller Hilton agar plates for antimicrobial testing. The endophytic bacteria were cultured in nutrient broth and incubated for 18 h at 35 ± 2 °C. The broth suspension cultures were centrifuged at 6,000 × g for 5 min. Twenty microliters of the crude metabolite in the supernatant obtained was impregnated onto sterile discs and placed on seeded agar plates. The plates were incubated at 35 ± 2 °C for 48 h and checked for zone of inhibition by measuring the diameter of annular clear zone. The experiment was performed in triplicates. Gentamicin (10 μg) standard antimicrobial discs were used as positive control.
Determination of enzymatic activity
To detect extracellular cellulase, xylanase, amylase and pectinase production from the endophytic bacteria isolates, the agar diffusion method was used . For cellulase activity assay, the isolates were grown on cellulase activity indicator medium [Nutrient Agar medium containing, 0.5 % (w/v) carboxylmethylcellulose, and 1.5 % agar (w/v)]. Spot dot inoculation was performed for the detection of activity. For xylanase activity assay, the isolates were grown on xylanase activity indicator medium [nutrient agar medium containing, 0.5 % (w/v) oat spelt xylan and 1.5% agar (w/v)]. To visualize the halos formed due to cellulase and xylanase activity, the plates were flooded with 0.5% Congo red solution for 30 min, rinsed with water, and then rinsed twice with 1M NaCl. Colonies positive for extracellular cellulase and xylanase activities were surrounded by a yellow halo against a red background. For amylase activity assay, the isolates were grown on amylase activity indicator medium (nutrient agar medium containing, 0.5% (w/v) starch powder and 1.5% agar (w/v), a clear zone surrounded by black coloration ISSN (print): 1823-8262, ISSN (online): 2231-7538 indicated the activity of amylase when rinsed with 0.1M Iodine solution. For detection of pectinase activity, cultures were grown on pectinase indicator medium [nutrient agar medium containing 0.7% (w/v) sodium polypectate and 1.5% agar (w/v)]. To visualize the halos formed due to pectinase activity, the plates were flooded with 10% of a saturated solution of copper acetate (Cu(OAc)2) for 30 min. After excess stain was washed off, a halo against a blue background became visible (Park et al., 2000) .
Statistical analysis
One-way ANOVA was used to analyze all data obtained. The analysis was carried out using the Statistical Package for Social Science (SPSS) version 16.0 and means compared using Tukey's Studentized Range Test (HSD (0.05)).
RESULTS AND DISCUSSION
Fifteen endophytic bacteria were isolated from the medicinal plant Mentha spicata. The molecular characterization revealed 4 genera of Pseudomonas (9 isolates), Bacillus (3 isolates), Comamonas (2 isolates) and one isolate of Enterobacter (Table 1) . The results also revealed that a higher diversity of bacterial endophytes were isolated from the stem tissues (7 species), as compared to the root (5 species) and leaf tissues (3 species). Analysis of the microbial communities of the endophytic bacteria in the roots, stem and leaf of M. spicata revealed that the tissues were dominated by Pseudomonas genus, in addition to the presence of three species of Bacillus and one each of Enterobacter and Comamonas species. Bacteria such as Pseudomonas, Bacillus and Enterobacter have previously been studied as frequently occurring endophytes in other plants such as cotton, ginseng root and cucumber root (Hallmann et al., 1997b; Cho et al., 2002) . Siciliano and Germida (1999) identified 27 different endophytic bacterial genera among 1100 bacterial isolates from the roots of three canola cultivars. Therefore, this study further indicated the existence of these bacteria as endophytes in M. spicata plants. The enzyme production of the endophytic bacteria was investigated and results revealed that two isolates (MSS-1) Bacillus anthracis and (MSR-3) Bacillus toyonensis produced all enzymes assayed (xylanase, cellulase, pectinase and amylase), four isolates (MSL-4)
Pseudomonas putida, (MSS-2) Bacillus thuringiensis, (MSR-4)
Pseudomonas pictorum and (MSR-5) Pseudomonas straminea produced 3 enzymes (cellulase and two other enzymes), six isolates (MSL-2) P. putida, (MLS-3) Pseudomonas cichorii, (MSL-6) Pseudomonas entomophila, (MSS-3) P. putida, (MSS-10) Pseudomonas argentinensis and (MSS-5) Pseudomonas resinovorans produced 2 enzymes (cellulase and one other enzyme), two isolates (MSL-5) Comamonas guangdongensis, and (MSS-4) Enterobacter ludwigii were only capable of producing one enzyme each (cellulase or xylanase) and one isolate (MSS-11) C. guangdongensis had no enzyme activity (Table 1) . However, all species examined (13 out 15 isolates) have positive cellulase activities except C. guangdongensis. It is also important to note that all the endophytic bacteria isolated from the root tissues showed (P. pictorum, P. argentinensis and B. anthracis) cellulase, amylase and pectinase activities.
Recent studies have related the enzymatic activities of endophytic bacteria to the mechanism used by bacteria to gain entry and colonize the interior tissues of plants (Timmusk et al., 2005; Cho et al., 2007) . In this study, we found over 85% of bacterial endophytes isolated have positive cellulase activity, and 50% has either xylanase or pectinase activity. Hallmann et al. (1997a) demonstrated hydrolysis of wall-bound cellulose in the vicinity of bacterial cells. Suto et al. (2002) reported that 52 bacteria produced xylanase from 14 plants in total. Hence, it has been suggested that hydrolytic enzymes might be produced by endophytes during the early invasion phase and not after residing in the plant tissue. It has also been noted that this may play important roles in plant-microbe interactions and intercellular colonization of roots, but not all endophytic bacteria express these activities and so those endophytes might have gained entry into root interior by another mechanism(s).
The antimicrobial assay revealed all isolates except both isolates of C. guangdongensis (MSL-5 and MSS-11) have antimicrobial activities against at least one pathogen tested (Table 3) . Activities were prominent in five isolates; MSS-2 (B. thuringiensis), MSS-3 (P. putida), MSR-4 (P. pictorum), MSR-5 (P. straminea) and MSS-5 (P. resinovorans) inhibiting 6 to 9 pathogens with zone of inhibition ranging from 6.3 to 15.3 ± 0.6 mm. This was followed by MSS-4 (E. ludwigii) and MSS-1 (B. anthracis) inhibiting 4 to 5 pathogens with zone of inhibition ranging from 6.6 to 10.6 ± 0.6 mm. Isolates MSL-2 (P. putida), MSL-3 (P. cichorii), MSL-4 (P. putida), MSL-6 (P. entomophila), MSS-10 (P. argentinensis), MSS-11 (C. guangdongensis), MSR-3 (B. toyonensis) were the least effective isolates inhibiting 1 to 3 pathogens with zone of inhibition ranging from 6.7 to 11.3 ± 0.6 mm. The Gram negative (S. typhi, P. vulgaris, K. pneumonia) , Gram positive (S. aureus, B. cereus) pathogens and Candida albicans were more vulnerable to the antimicrobial compounds from the endophytic bacteria as they were strongly inhibited by 6 to 11 isolates. Escherichia coli was more resistant to the antimicrobial compounds from the bacteria endophytes as it was only inhibited by 3 of the 14 ISSN (print): 1823-8262, ISSN (online): 2231-7538 bacteria endophytes. However, S. aureus appeared to be the most susceptible to the isolates, as 11 of the 14 isolates were active against the pathogen. In addition, MSS-3 (P. putida) and MSR-4 (P. pictorum) appeared to be most active against all pathogens tested followed by MSS-2 (B. thuringiensis) and MSR-5 (P. straminea) ( Table  3) .
Bio-prospecting for antimicrobial in endophytic bacteria has been investigated in M. spicata. We found MSS-3 (P. putida) and MSR-4 (P. pictorum) to have broad spectrum antimicrobial activities against the pathogens tested. There is some evidence that endophytic bacteria such as Pseudomonas and Bacillus can have antimicrobial effect on crops such as cotton, tomato and potato (Dujiff et al., 1997; Cho et al., 2007) . In addition, Paenibacillus sp. is known to produce antimicrobial and biosurfactant substances such as surfactin, iturin, and fengysin (Lin et al., 1999; Yao et al., 2003) . In this study, over 90% of all strains from M. spicata were found to exude antimicrobial substances towards human pathogens when tested in vitro (Table 3) . Isolates MSS-3 (P. putida), MSR-4 (P. pictorum), MSS-2 (B. thuringiensis) and MSR-5 (P. straminea) showed prominent antimicrobial activities against the pathogens tested with zones of inhibition between 6.3 to 15.3 ± 0.6 mm.
CONCLUSION
This study revealed that the endophytic communities in M. spicata were mostly Bacillus sp. and Pseudomonas sp. and these isolates have good antimicrobial and some enzymatic activities. Four isolates, (MSS-3) P. putida, (MSR-4) P. pictorum, (MSS-2) B. thuringiensis and (MSR-5) P. straminea have the most potential for future explorations to derive antimicrobial and enzymes that may be of beneficial use in medicine and some agro-allied industries.
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